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The invention relates to a polymer transistor arrangement, an integrated circuit 
arrangement and a method for producing a polymer transistor aiTangement. 

BACKCf ROUNP OF THK INYKNTION 

hi order to produce electrical circuits which can process analog signals, so-called 
absolute reference voltage sources are often required, — E4r9- TJ. Tietze. C. Schenk 
"Halhleiterschaltungstechnik" ["Semiconductor circuitrv"L Springer- Verlag. Berlin. 1993. 
pp. 555-560. discloses using diodes as electrical components for reference voltage sources. 

An important area in modem electronics is so-called polymer electronics, in which 
polymer materials are used as a material for fonning electrical circuits or circuit 
components, — CD. PimjtrakQppylQS, D.h Mascaro (20Q1) "QrganiQ thin film 
transistors". IBM J. Res.&Dev. 45. pp. 11-27. provides an ovei-view of organic thin film 
transistors based on polymei* materials. 

Problems arise if a reference voltage source is intended to be formed in the context 
o f polymer electronics, since to date there is no satisfactory technical solution for diodes in 
the context of a simple polymer technology. 
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Consequently, uo reference voltage circuits comparable to CMOS or bipolar or 
general silicon circuitry are known in polymer electronics. 

The possibilities known froai the prior art for generating reference voltages cannot 
be applied to polymer transistor technology (apart from simple voltage dividers relating to a 
supply voltage) since, in said technology, there are a priori no pn junctions as a basis for 
diodes or bipolar transistors. However, a diode is usually required for a sufficiently accurate 
reference voltage source in silicon technology. 

-M-PV. Necliudov. M.S. Shur. D.J. Gundlach. T.N. Jackson f2000) "Modeling of 

organic thin film transistors of different designs" J.Appl Phvs. RR. pp. 6594-6597. discloses 
organic light emitters with altered charge cairier injection. 

-I ^U.S. Patent No. 6.455.R73 Bl discloses a microelectronic device with a 

conductive polymer. 

^^Niihrmann. D "Das groBe Werkhnch Elektronik" F'The large workbook of 

electronics"! Volume 2. 199R. Franzis' Veriag Poing. TSBN 3>7723-6547-7. nages 1415- 
1423. discloses temperature-compensated reference diodes. 

SUMiyi ARY OF THE INYENHQIS 

Consequently, the invention is based on the problem of providing a diode-hke 
component for the field of polymer electronics with a low outlay. 

The problem is solved by means of a polymer transistor arrangement, by means of an 
integrated circuit arrangement and by means of a method for producing a polymer transistor 

an angement having the features in accordance with the independent patent claims. 
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The polwier transistor arrangement according to the invention has a polymer 
transistor formed in and/or on a substrate. The polymer transistor contains a first 
source/drain region, a second source/drain region, a channel region between the first and 
second source/drain regions and also a gate region. The polymer ti^ansistor furthennore 
contains a gate-insulating layer between channel region and gate region. The polymer 
transistor arrangement ftirtheimore has a drive circuit which is set up in such a way that it 
provides the source/drain regions and the gate region with electrical potentials such that the 
junction between at least one of the source/drain regions and the channel region can be 
operated as a diode. 

Furthermore, the invention provides an integrated circuit arrangement having at least 
one polymer transistoi' arrangement having the features described. 

In accordance with the invention's method for producing a polymer transistor 
arrangement, a polyaier transistor is formed in and/or on a substrate by a first source/drain 
region being fonned, a second source/drain region being formed and a channel region being 
fonned between the first and second source/drain regions. Furthennore, a gate region is 
formed. A gate-insulating layer is furthermore fonned between channel region and gate 
region. Furthermore, a drive circuit of the polymer transistor airangement according to the 
invention is formed and set up in such a way tliat it provides the source/drain regions and 
the gate region with electrical potentials such that the junction between at least one of the 
source/drain regions and the channel region is operated as a diode. 

A fundamental idea of the invention is based on connecting up a junction between 
one of the source/drain regions of a polymer transistor and the channel region in such a way 
that it can be used as a diode. A suitable operating point is chosen for this by applying to 

{W:\20046\0200501US0\00128084.DOC lllOilOiilllililiaiilDllll } 

3 



the source/drain regions and the gate region corresponding electrical potentials at which one 
of the source/drain regions can be used as a diode. Consequently, the invention makes it 
possible to have a diode as an integrated circuit component in the field of polymer 
electronics, too. Furthermore, said diode need not be formed as a separate component, but 

rather may be concomitantly used as a junction between a source/drain region and the 
channel region. 

Using such a diode, the invention also makes it possible to realize a reference 
voltage circuit in polymer electronics. 

In the case of polymer transistors as are described in Dimitrakopoulos et 

aL, for example, the junction between a source/drain region and an electrically 
semiconducting channel region is produced by means of a Schottky junction, e#ssS-E- 
-f34-X. NecHudov et aK A Schottky diode is a diode which, instead of a pn junction, uses a 
metal-semiconductor contact or a metal-polymer contact, the metal having a different work 
function than the other material that is contact-connected. A metal-polymer contact may be 
regarded as a diode since it has a behavior which has a rectif>niig functionality with, regard 
to an applied electrical signal. 

In the case of a polymer transistor, such '^a Schottky diode is connected in series with 
the actual field-effect transistor both on the side of the first source/drain region and on the 
side of the second source/drain region. However, such a diode cannot be contact-connected 
on both sides since the polymer material forming the channel region of the polymer 
transistor is not electrically accessible without a further Schottky junction. The Schottky 
diode as is necessarily produced at the contact points between source/drain regions and 
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channel region of the polymer tiansistor on account of the technological boundary 
conditions can be controlled at suitable operating points of the transistor by application of a 
suitable gate voltage in such a way that it dominates or critically influences the electrical 
behavior of the transistor. Gi ven the choice of a suitable operating point, only one of the 
two Schottky junctions is determinant for the current flow. The small-signal resistance of 
the transistor and of the other Schottky diode (in a boundary region between the other 
source/drain region and the channel region) are then small compared with the non-reactive 
resistance of the current-determining Schottky diode (between the first source/drain region 
and tlie channel region). 

Given the choice of a gate voltage of a sufficiently large magnitude and a drain 
voltage of a sufficiently small magnitude, principally the reverse-biased Schottky junction is 
determinant for the ciurent flow. The current flowing tlirougli it rises approximately 
exponentially with the applied drain voltage and is therefore suitable as a replacement for a 
zener diode or a bipolar transistor. The term zener diode denotes a diode which is designed 
for operation in the breakdown region of the characteristic curve. Zener diodes are often 
used for voltage stabihzation purposes. 

Consequently, according to the invention, circuits having at least one diode as are 
knowi for silicon technology can be applied to polymer technology. A pn diode used as a 
voltage reference is replaced by a polymer transistor operated with a gate voltage of a 
sufficiently large magnitude and a drain voltage of a sufficiently small magnitude, so that 
said polymer transistor has properties similar or identical to those of a Schottky diode. The 
reference character of the silicon band gap energy in a pn diode is thus clearly replaced by 
the difference in work functions between metal and polymer. 
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According to the invention, a polymer Itansistor is clearly connected up in such a 
way that the junction between one of the source/drain regions and the channel region is set 
up or can be operated as a diode. The polymer transistor is clearly connected up in such a 
way that it represents a gate-coutroUed diode. 

It should be noted that both the polymer transistor and the drive circuit may be 
formed completely in polymer technology. 

Pre terred developments of the in vention emerge Jiom the dependent claims. 

The drive circuit may be set up in such a way that it applies electrical potentials to 
the source/drain regions and to the gate region such that the junction between one of the two 
source/drain regions and the channel region is connected as a reverse-biased diode. In this 
case, the junction between the other of the two source/drain regions and the channel region 
is connected as a forward-biased diode. The reverse-biased diode is then dominant for the 
non-reactive resistance of the polymer transistor arrangement. 

The value of the electrical potentials applied to the source/drain regions for the 
purpose of controlling the diode may be chosen on the basis of the thickness and/or the 
value of the dielectric constant of the gate-insulating layer of the polymer transistor. The 
value of the gate voltage may also be set on the basis of these or other criteria. Preferably, 
the vaUie (in temis of magnitude) of the gate vol tage is chosen to be essentially proportional 
to the value of the dielectric constant of the gate-insulating layer. 

A metallic or a polymer material may be used as material of the source/drain regions 
of the polymer transistor arrangement. A polymer material is preferably used for the 
channel region. When using a first polymer material for the source/drain regions and a 
second polymer material for the channel region, the junction between the first and second 
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polxoner materials may be used as a pn junction, as an ip junction or as an in junction. If a 
metallic material is used as material for the source/drain regions and a polyiner material for 
the channel region, then a Schottky junction is present. Generally, the substrate and the 
source/drain regions may be produced from a material such that the j unction between one of 
the source/drain regions and the channel region is a Schottky junction, a pn junction, an in 
junction or an ip junction. 

The drive circuit may be set up in such a way that the magnitude of the gate voltage 
is greater than the magnitude of the voltage between the soiu-ce/drain regions. Preferably, 
tlie drive circuit may be set up in such a way that the magnitude of the gate voltage provided 
is significantly greater than the magnitude of the voltage between the source/drain regions. 
It is further preferable for the magnitude of the gate voltage to be greater than the magnitude 
of the voltage between the source/drain regions at least by approximately one order of 
magnitude. 

In the case of the polymer transistor arrangement, the junctions between a respective 
one of the source/drain regions and the channel region may be fonned geometricaUy 
asymmetrically with respect to one another. By means of this measure, it is clearly possible 
to realize the junctions mentioned with different structural and hence different physical 
properties. As a result, it is possible technologically to suppoit the different driving of the 
two diodes by application of electrical potentials to the terminals of the polymer transistor. 
Consequently, the two junctions may be formed structurally di fferently for example in such 
a way that an electrical driving of one of the junctions as a diode is thereby facilitated or 
made more difficult. 
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For this purpose, one of the source/drain regions may be fonned at least partially on 
the organic semiconductor and the other source/drain region may be formed at least partially 
below the organic seaiiconductor. hi this case, a significantly belter conductivity results 
with the contact arranged above the organic semiconductor, so that the diode junction at the 
other contact dominates the current flow. 

The integrated circuit an:angement according to the invention, which has at least one 
polymer transistor arrangement according to the invention, is described in more detail 
below. Refinements of the integrated circuit arrangement also apply to the polymer 
transistor arrangement, and vice-versa. 

The integrated circuit arrangement may be set up as a reference voltage circuit, 
preferably as a temperature-compensated reference voltage circuit. 

The integrated circuit aiTangement may also be set up as a current soiwce. 

Furthermore, the integrated circuit aiTangement may be set up as a voltage control 

circuit. 

The integrated circuit arrangement may also be set up as a combination of the circuit 
types mentioned. For example, the integrated circuit arrangement according to the invention 
may have a cuirent source with a first polymer transistor aiTangement and a reference 
voltage source with a second, polymer transistor arrangement. 

Furthennore, apart from the polymer transistor or transistors, other components of 
the integrated circuit according to the invention may also be produced from polymer 
material. By way of example, an operational amplifier may likewise be formed in polymer 
electronics. 

BBTKF PF.SCRTPTION QF THE PRA WINGS 
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Exemplar>' embodiments are illustrated in the figures and aie explained in more 
detail below. 

In the figurco: 

Figure 1 sliows a polyiTier transistor arrangement in accordance with an 

exemplaiy embodiment of the invention. 

Figure 2 shows an equivalent circuit of a polymer transistor arrangement 

accoi diiig to the invention, 

Figure 3 shows a diagram showing the dependence of the drain current on the 

source/drain voltage of a polymer transistor according to the invention, 

Figure 4 shows a reference voltage circuit as an integrated circuit an:angement 
in accordance with a first exemplaiy embodiment of the invention, 

Figure 5 shows a reference voltage circuit as an integrated circuit arrangemeni 
in accordance with a second exemplary embodiment of the in vention, 

Figure 6 shows a voltage control circuit as an integrated circuit arrangement 

in accordance with a third exemplary embodiment of the invention, 

Figxire 7 shows a temperature-compensated reference voltage circuit as an 

integrated circuit arrangement in accordance with a fourth exemplar)' embodinnent of the 
invention, 

Figxire 8 shows a polymer transistor of a polymer transistor aiTangement in 

accordance with a preferred exemplary embodiment of the invention. 

Figure 9 shows a polymer transistor of a polymer transistor arrangement in 

accordance with another preferred exemplary embodiment of the invention. 
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DRTATrKD DE SCRIPTION OF THE PRKFERWED IVrODE OF THE INVENTION 

Identical or similar components in different figures are provided with the same 
reference numerals. 

A polymer transistor arrangement 1.00 in accordance with one exemplary 
embodiment of the invention is described below with reference to figure 1. 

The polymer transistor arrangement 100 has a polymer transistor formed on a 
substrate 101 , Said polymer transistor contains a gate region 1 06 made of titanium material 
which is formed on the substrate 101. A PVP layer (polyvinylphenol) is fonned as gate- 
insulating layer 105 on the gate region 106. The gate-insulating layer 105 is fomied by 
means of the application of PVP material and by means of the photolithographic patterning 
of the layer. of PVP material, as a result of which the gate-insulating layer 105 remains. A 
first source/drain region 102 made of gold material is fonned on one part of the substrate 
101 and on one part of the gate-insulating layer 105. A second source/drain region 103 
made of gold material is formed on another part of the substrate 101 and on another part of 
tlie gate-insiilating layer 105. Furthermore, an active pentacene layer is formed on both 
source/drain regions 102, 103 and on a region of the gate-insulating layer 105 that is 
arranged between said source/drain regions, the central section of which pentacene layer 
serves as channel region 104. It should be noted that pentacene is an organic 
semiconducting material. At least some of the components of the polymer transistor aiay be 
printed on. By means of a drive circuit 107, which is electi*ically coupled to the two 
source/drain regions 102, 103 and to the gate region 106 by means of electrically conductive 
coupling means 108, the source/drain regions 102, 103 and the gate region 105 are in each 

{W:\20046\0200501US0\00128084.DOC IIIDIIIIIfllQniflIIQIi[DlillDD } 

10 



case provided with an electrical potential such that the junction between one of the 
source/drain regions 102 or 103 and the channel region 104 can be operated as a diode. 

The gate-insulating layer 105 may alternatively be produced from silicon oxide (e.g.^ 
generated by means of thermal oxidation of silicon material)^ aluminum oxide or PVP 
(polyvinylphenol). The gate region 106 may alternatively also be produced from palladium 
or gold. Exajnples of polymer materials which can be used for fonning the polymer 
transistor according to the invention or other circuit components are primarily recurring 
chains of carbon-containing molecules. For example, it is possible to use pentacene, poly(3- 
hexylthiophene), organic-inorganic hybrids such as (C6H5C2H4NH3)2Sn]4, C6o or a,co- 
dihexylquinquethiophene (DHa5T). 

An equivalent circuit diagram 200 of the polymer transistor connected up according 
to the invention is described below with reference to figure 2. 

The equivalent circuit diagram 200 shows the components from figure I and also a 
first diode 201 as a circuitry equivalent of the junction between the first source/drain region 
102 and the channel region 104 and also a second diode 202 as a circuitry equivalent of the 
junction between the channel region 104 and the second source/drain region 103. The 
diagram further depicts first and second non-reactive resistors 203, 204 for modeling contact 
effects in figure 2, which are arranged between a respective one of the source/drain regions 
102, 103, on the one hand, and a respective terminal of a respective diode 201, 202, on the 
other hand. 

It is clearly the case tliat, according to the invention, the operating point of the 
polymer transistor airangement 100 is set by application of suitable electrical voltages, 
which are applied to the tenninals 102, 103, 106 by means of the drive circuit 107 in such a 
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way that only one of the two diodes 201 , 202 shown in figure 2 functions as a diode in 
circuitry terms, whereas the other of the two diodes has a very low impedance. As an 
alternative, it is also possible for both diodes 201, 202 to be operated as diodes. Figure 2 
diagiaramaticaily indicates that the diodes 201, 202 are also influenced by means of an 
electrical potential applied to the gate region 106. 

If the voltage drop across the diode 201 is designated as Vdi, the voltage drop across 
the diode 202 is designated as V(j2, the voltage drop across the channel region 104 is 
desigiaated as Vi, the voltage between the first source/drain region 102 and the gate region 
106 is designated as Vgs, the voltage between the second source/drain region 103 and the 
gate region 106 is designated as Vgd, and the voltage between the source/drain regions 102, 
103 is designated as Vds, then the voltages should fulfill the following relationships in terms 
of magnitude: 

Vgs>Vgci»Vds; Vdi>Vd2»Vi 

In this case, primarily the first diode 201 functions as a diode also in circuitiy terms. 

A description is given below, with reference to the diagram 300 from figure 3, of 
how the operating point of the polymer transistor aiTangenient 100 is chosen in order to 
operate one of the two juncfions between one of the two source/drain regions 102, 103, on 
the one hand, and the channel region 104, on the other hand, as a diode. 

In the diagram 300, the electrical voltage between the two source/drain regions 102, 
103 is plotted along an abscissa 301, The electric current at the second source/drain 
temiinal 103 is plotted along an ordinate 302. Furthermore, figure 3 shows first to third 
characteristic cun^es 303 to 305, the first characteristic curve 303 coiTCsponding to a voltage 
between the gate region 105 and the first source/drain region 102 of 0 volts, the second 
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characteristic cur\^e 304 corresponding to a voltage of -5 volts and the third characteristic 
curve 305 corresponding to a voltage of -10 volts. 

ill the example shown in figure'3, the operating points which correspond to the third 
characteristic curve 305 are well suited to operating the poljmier transistor an'angement 100 
in such a way that one of the two diodes 201 , 202 can actually be operated as a diode. Wliat 
is particularly well suited is the operating range on the third characteristic cui-ve 305 in the 
region of voltages of small magnitude between the two source/drain regions 102, 103, i.e.^ 
in the top right region of the diagram 300 in accordance with figure 3. 

At a suitable operating point, the voltage (in terms of magnitude) between the gate 
region 106 and the first source/drain region 102 is given by the oxide capacitance per area 
(the magnitude of the voltage between the gate region 106 and the first source/drain region 
102 is approximately indirectly proportional thereto). Furthennore, the electrical voltage 
between the gate region 106 and the first source/drain region 102 should be as large as 
possible in terms of magnitude, that is to say as near as possible to a maximum permissible 
voltage. By contrast, the magnitude of the voltage between the two sonrce/drain regions 
102, 103 should be as near as possible to 0 volts. The maximum permissible voltage 
primarily depends on the quality (in particular on the output transconductance) of the 
polymer transistor. If the value of the output transconductance is small relative to the diode 
conductance of the Schottky junction, then the Schottky diode dominates the electric current 
and the ti-ansistor behaves like a diode at this operating point. 

A description is given below, with reference to figure 4, of a reference voltage circuit 
400 as an integrated circuit anangement in accordance with a first exemplary embodiment 
of the invention. 
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hi the case of the reference voltage circuit 400, an input voltage 401 Vin is applied 
between the electrical ground potential 402 and a first terminal of a current source 403. A 
reference voltage 404 Vref is present between the other tenninal of the current source 403 
and the electrical ground potential 402. Furthemiore, the first source/drain region 102 of a 
polymer transistor 406 is coupled to the second tenninal of the current source 403. The 
second source/drain region 103 of the polymer transistor 403 is at the electrical ground 
potential 402. The bias voltage 405 Vbias is applied to the gate region 106. 

The polymer transistor 406, by application of the bias voltage Vbias, is brought to an 
operating point such that it operates like a Schottky diode. In accordance with the 
predetermined operating point, a gate voltage of large magnitude and drain voltages of small 
magnitude are applied to the terminals of the polymer transistor 406. In the path between 
the input voltage 401 Vin and the reference voltage 404 Vref, a constant electric current 
flows through the current source 403. If an increased electric current is tapped off at the 
node of the reference voltage 404 Vref, at the same time a smaller electric cuirent flows 
through the polymer transistor 406, since othenvise the electrical voltage at the reference 
voltage 404 Vref is greatly reduced and, consequently, exponentially less current can flow 
through the polymer transistor 406. The setting of the bias voltage 405 Vbias is not all that 
sensitive with regard to the size of tlie electric current as long as one is in the suitable 
operating point range. Therefore, in many cases the input voltage 401. Vin may be provided 
jointly with the bias voltage 405. 

It is clearly the case in the reference voltage circuit 400 shown in figure 4 that the 
diode between the channel region 104 and the second source/drain region 103 is connected 
as zener diode for voltage stabilization purposes. The unstabilized input voltage Vin 401 is 
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passed via the current source 403 to the polymer transistor 406 with the lower diode in 
accordance with figure 4 as zener diode. 

A description is given below, with reference to figure 5. of a reference voltage circuit 
500 as an integrated cii-cuit arrangement in accordajice with a second exemplary 
embodiment of the invention. 

The reference voltage circuit 500 differs from the reference voltage circuit 400 
shown in figure 4 essentially by the fact that another polymer transistor 501 is used as 
cunent source 403, another bias voltage 502 Vbias2 being applied to the gate terminal of 
said transistor. The other polymer transistor 501 is essentially constructed like the polyiner 
transistor 406. The bias voltage 405 at the gate region 106 of the poljoiier transistor 406 is 
designated by Vbiasi (instead of Vbias) in figure 5. 

In particular, Vbias2 is chosen in such a way that the other polymer transistor 501. is 
operated in saturation. 

In principle, the value of the reference voltage obtained can be set by setting a 
number of series-connected Schottky jimctions, that is to say a plurality of series-connected 
polymer transistors 406 in the cuiTcnt path between gi*ound potential 402 and reference 
voltage 404. It is advantageous, in particular, in this case to provide for each of the polymer 
transistors in the current branch described a dedicated bias voltage at the respective gate 
region, in order to obtain a respectively suitable diode operating point. 

It should be noted that the other polymer transistor 501 in figure 4 together with its 
connections may itself be interpreted as an integrated circuit anangement according to the 
iiivention, set up as a current source. 
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A description is given below, with reference to figure 6, of a voltage contiol circuit 
600 as an integrated circuit arrangement in accordance with a third exemplary embodiment 
of the invention. 

Tlie voltage control circuit 600 has an operational amplifier 602 provided v^itli an 
operating voltage 60 L Furthermore, the operational amplifier 602 is provided with the 
ground potential 402 as lower voltage reference point. An output 602c of the operational 
amplifier 602 is fed back to a non-inverting input 602a of the operational ampli fier 602 via a 
first non-reactive resistor 603. Furtheimore, the output 602g is fed back to an inverting 
input 602b of the operational amplifier 602 via a second non-reactive resistor 604. 
Moreover, the output 602c is at the reference voltage 404 Vref A. third non-reactive resistor 
605 is connected between the second non-reactive resistor 604 and the electrical ground 
potential 402. The two source/drain tenninals 102, 103 of the polymer transistor 406 are 
connected between the first non-reactive resistor 603 and the electrical ground potential 402. 
The bias voltage 405 Vbias is applied to the gate terminal 106 of the polymer transistor 406. 

The stabiUzed reference voltage Vref 404 is determined by means of the second and 
third non-reactive resistors 604, 605. The electric cuirent through the polymer transistor 
406 has the efl-ect of holding the voltage Vref at a constant value, which is clearly defined 
by means of the kink voUage of the Scliottky diode of the polymer transistor 406. 
Fluctuations in the operating voltage 601 Vdd are suppressed by the common-mode 
rejection of the operational amplifier 602. 

The polymer transistor 406 m the voUage control circuit 600 again serves as a 
replacement for a zener diode. That Schottky diode of the polymer transistor 406 which is 
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arranged between the channel region 104 and the second source/drain region 103 is again 
the diode which can be operated on the basis of the connections according to the invention. 

The value of the reference voltage 404 Vref can be altered by setting the mmiber of 
series-connected polymer transistors 406. For this purpose, (in a departure from figure 6) a 
plurality of polymer transistors are to be connected in series into the current branch between 
the non-inverting input 602a and the ground potential 402 into which the polymer transistor 
406 is connected. In this case, the plurality of series-connected polymer transistors could all 
be operated with the same bias voltage Vbias 405. 

It should be noted that the value of the first non-reactive resistor 603 can influence 
the size of the reference vol tage Vref 

A description is given below, with reference to figure 7, of a temperature- 
compensated reference voltage circuit 700 as an integirated circuit aiTangement in 
accordance with a fourth exemplary embodiment of the invention. 

A first non-reactive resistor 703 is connected between a terminal at which a supply 
voltage 401 is provided and a non-inverting input 702a of an operational amplifier 702. A 
second non-reactive resistor 704 is connected between the supply voltage 701 and an 
inverting input 702b of the operational amplifier 702. An output 702c of the operational 
amplifier 702 is at the electrical potential of the reference voltage Vref 404. Furthermore, 
the output 702c is coupled to a third non-reactive resistor 705. The third non-reactive 
resistor 705 is coupled to the gate region 106 of the polymer transistor 406. The first 
source/drain region 102 of the po]>'mer transistor 406 is coupled to the first non-reactive 
resistor 703. The second source/drain region 103 of the polymer transistor 406 is coupled to 
a fourth non-reactive resistor 706. Furthermore, a fifth non-reactive resistor 707 is 
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connected between the fourth non-reactive resistor 706 and the electrical ground potential 
402. The fourth non-reactive resistor 706 is coupled to a first source/drain region of another 
polymer transistor 501. The second source/drain region of the other polymer transistor 501 
is coupled to the second non-reactive resistor 704 and to the inverting input 702b of the 
operat ional amphfier 702. The gate terminal of the other polymer transistor 501 is coupled 
to the gate terminal of the polymer transistor 406. Furthemiore, a sixth non-reactive resistor 
708 is connected between the gate region of the other pol>TOer transistor 501 and the 
electrical ground potential 402. 

Using the property of the operational amplifier 702 of subtracting fi oni one another 
the electrical voltages provided at two inputs 702a, 702b, it is possible to generate the 
voltage reference circuit 700, which compensates in particular linear temperature gradients 
of the components of the circuit, in the case of the temperature-compensated reference 
voltage circuit 700, the first and second non-reactive resistors 703, 704 are dimensioned in 
such a way that the same electrical voltage is dropped across them. By means of the fourth 
non-reactive resistor 706, a small voltage difference is generated between the source/drain 
terminals of the polymer transistors 406, 501. The change in the electric cuirent at the fifth 
non-reactive resistor 707 in the event of a change in temperature then depends on the 
dimensioning of the two transistors 406, 501 relative to one another (for example the 
dimensioning of the gate widths of said transistors). Since the electric cuirents through the 
two transistors 406, 501 lead to a voltage drop across the fifth non-reactive resistor 707, the 
temperature-dependent change thereof also leads to a corresponding voltage drop across the 
fifth non-reactive resistor 707. If the characteristics of the two transistors 406, 501 and of 
the fifth non-reactive resistor 707 are set in such a way that the change in voltage in the 
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event of a change in the temperature is compensated for siifllcieutiy exactly by the change in 
the influence of the gate voltage on the polymer transistors 406, 501, then the circuit 700 is 
free of a (linear) ten:iperatiire response and constitutes a temperature-compensated voltage 
source. The gate voltage at the pol>TOer ti-ansistors 406, 501 is furthennore to be set in such 
a way that the two pol>wer transistors 406, 501 have a sufficiently large voltage difference 
in terais of magnitude between the respective gate teiTninal and one of the two source/drain 
teraiinals and the current through the polymer transistors 501, 406 leads to only a small 
voltage drop. 

A. description is gi ven below, with reference to figure 8, of a polymer transistor 800 
of a poKmer transistor arrangement according to the invention in accordance with a 
preferred exemplary embodiment of the invention. 

The polymer transistor 800 has a substrate 101 with a first and a second surface 
region, a metallic gate region 106 being applied on the first surface region. A first 
source/drain region 102 made of gold material is applied on the second surface region. A 
gate-insulating layer 105 is formed on the gate region. Furthermore, a channel region 104 
made of a semiconducting polymer is formed on a surface region of the layer sequence thus 
obtained, which channel region 104 covers both the gate region 106 covered with the gate- 
insulating layer 105 and the first source/drain region 102. A second source/drain region 103 
made of gold material is formed partially on the substrate 101 and partially on the channel 
region 104. 

As shown in figure 8, the junction regions bet^veen a respective one of the 
source/drain regions 102, 103, on the one hand, and the channel region 104, on the oilier 
iiand, are formed geometrically asymmetrically with respect to one another. The second 
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source/drain region 103 is fonned partially on the channel region 104, and the first 
source/drain region 102 is essentially fonned below the channel region 104. This 
aswimeti'ical arrangement of the two source/drain regions with respect to one another 
means that the junction regions between a respective one of the source/drain regions 102, 
103 and the respectively adjoining part of the channel region 104, at least one of which 
junctions is operated as a diode according to the invention, have different structural 
properties. These structural properties lead to different flinctional-physica] properties of the 
two junction regions. It is clearly the case when the two junctions m'c provided 
asymmetrically that it is possible technologically to support the situation in which the 
different junctions can be operated in a different functionality by application of different 
electrical potentials to the tenninals of the polymer transistor. Thus, according to the 
invention, by way of example, one of the junctions may be embodied at sufficiently low 
impedance such that it hardly influences the current flow, and the other junction may be 
connected up as a conductive diode. This can be supported geometrically. 

A description is given below, with reference to figure 9, of a pol>TOer transistor 900 
of a polymer transistor aiTangement according to the invention in accordance with anotlier 
preferred exemplary embodiment of the invention. 

A gate region 106 is formed on a substrate 101, which gate region is covered with a 
gate-insulating layer 105. A first source/drain region 102 is formed in a manner pailially 
adjoining the gate-insulating layer 105 and partially on the substrate 101. The components 
formed are covered witli semiconducting polymer material as channel region 104. A second 
source/drain region 103 is formed partially on the substrate 101 and partially on the channel 
region 104. 
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Tlie polymer transistor arrangement 900 also has a pronounced geometrical 
asymmetry with regard to the two source/drain regions 102, 103. This again brings about a 
significant difference in the physical properties of the junctions between one of the 
source/drain regions 102, 103 and the channel region 104. As a result, it is possible to 
structurally support the invention's driving of these junctions as blocking or as conductive 
diodes. 
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